Introduction
============

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) often occur in severe diseases such as serious infection, shock, trauma, and burn, and are clinically characterized by progressive hypoxemia and respiratory distress syndrome, contributing to diffuse pulmonary interstitial and alveolar edema caused by pulmonary capillary endothelial cells and alveolar epithelial cell injury. ALI and ARDS, as the major causes of acute respiratory failure, increase the risk of morbidity and mortality in severely affected patients ([@B01],[@B02]). Despite intensive investigation in animals and patients, the etiology and mechanisms of ALI/ARDS have not been clarified. At present, studies suggest that the systemic inflammatory response caused by many kinds of pathogenic factors plays a critical role ([@B03]). However, the defined cellular and molecular mechanisms underlying ALI/ARDS have not been fully explored.

It is known that the phosphoinositide-3-kinase/protein kinase B (PI3K/Akt) pathway exists extensively in cells, and is involved in the regulation of a series of physiological activities such as cell apoptosis, proliferation and differentiation, and metabolism ([@B04]). Recent studies have shown that activation of the PI3K/Akt pathway can prevent lung epithelial cell death induced by oxidants, inhibit lung epithelial cell apoptosis, and significantly delay the occurrence of ALI and improve animal survival rate ([@B05],[@B06]). Our work, as well as that of others, has identified that pharmacological inhibition of phosphatase and tensin homolog (PTEN), a major suppressor of the PI3K/Akt pathway, can enhance wound closure and restore lung epithelial monolayer integrity following injury ([@B07]).

Propofol (2,6-di-isopropylphenol) is a potent intravenous anesthetic and sedative agent widely used to facilitate intubation and ventilation ([@B08]). Recently, many studies have shown that propofol has a protective effect on endotoxin-induced ALI via mechanisms such as suppression of the migration, phagocytosis, and oxidative ability of macrophages, inhibition of the release of inflammatory mediators, and alleviation of damage of alveolar epithelial and endothelial cells ([@B09],[@B10]). In addition, increasingly, research has shown that propofol plays an important role in the protective effects against ischemic injury by activating the PI3K/Akt pathway ([@B11]). However, few studies have investigated the effect of propofol pretreatment on the PI3K/Akt pathway, and whether it might attenuate lipopolysaccharide (LPS)-induced ALI.

The aim of this study was to investigate whether propofol pretreatment attenuates LPS-induced ALI in rats and to test the hypothesis that these beneficial actions are mediated by activation of the PI3K/Akt pathway.

Material and Methods
====================

All experimental protocols were carried out with the approval of the Animal Care and Use Committee of Xuzhou Medical College (Xuzhou, Jiangsu Province, China) and in accordance with the National Institutes of Health (USA) Guide for Care and Use of Laboratory Animals (Publication No. 80-23, revised 1996).

Animal preparation
------------------

Adult male Sprague-Dawley rats (weighing 250 to 300 g) were provided by the Experimental Animal Center of Xuzhou Medical College, \[license number: SYXK (Jiangsu) 2002-0038\]. Animals were housed in a temperature (23±1°C) controlled room, under a 12:12-h light-dark cycle (lights on from 8:00 am to 8:00 pm), and with food and water *ad libitum*. Prior to the experiments, animals were allowed to habituate to the housing facilities for at least 1 week, and all efforts were made to minimize animal suffering. Thirty-six rats were randomly divided into 6 groups as follows: control group (saline only), propofol group (20 mg·kg^−1^·h^−1^ propofol for 2 h, *iv*; Fresenius Kabi, China) ([@B12]), wortmannin group (0.6 mg/kg wortmannin, *iv*; Sigma Aldrich, USA), LPS group (5 mg/kg *Escherichia coli* B55:5, *iv*; Sigma Aldrich), propofol+LPS group (20 mg·kg^−1^·h^−1^ propofol was administered 1 h before LPS, and followed by infusion of 20 mg·kg^−1^·h^−1^ propofol for 1 h), and wortmannin+propofol+LPS group (0.6 mg/kg wortmannin was administered 30 min before infusion of propofol, and followed by the same protocol as the propofol+LPS group). The dose and administration of the drugs were based on previous studies ([@B07]) and on our preliminary studies.

To determine the mortality of LPS-challenged rats with propofol and wortmannin treatment (*iv*), we employed another 36 rats and injected them with 5 mg/kg LPS (*iv*) and treated them with 20 mg·kg^−1^·h^−1^ propofol (administered 1 h before LPS, followed by 20 mg·kg^−1^·h^−1^ propofol for 1 h, n=12) or wortmannin (0.6 mg/kg administered 30 min before propofol and followed by the same protocol as the propofol+LPS group, n=12). Survival was determined 48 h after LPS injection.

The rats were euthanized with a lethal injection of pentobarbital 1 h after the LPS challenge, the thorax was opened, and the lungs were immediately removed *en bloc*. The superior lobe of the right lung was harvested for lung water content measurement \[by determining the ratio of the wet to dry (W/D) weight of the lung tissue\], and the right lung was weighed, dried in an oven at 60°C for 72 h, and reweighed.

Lung lavage analysis
--------------------

The left lung harvested from each rat was infused with 5 mL ice-cold PBS, which was withdrawn and reinfused two more times. There were no differences in the volume of bronchoalveolar lavage fluid (BALF) recovered (4.2±0.4 mL fluid) after the lung lavage process among the 6 groups, via centrifugation at 1200 *g* for 10 min at 4°C. The supernatant was collected and stored at -80°C for batch analysis. The concentration of proteins in BALF was analyzed via the bicinchoninic acid (BCA) method, and the levels of tumor necrosis factor (TNF)-α and interleukin (IL)-6 were determined using rat TNF-α and IL-6 ELISA kits (both from Boster Biological Engineering Co., Ltd., China), according to the manufacturer\'s instructions. Samples taken from each animal (6 per group) were analyzed in triplicate for TNF-α and IL-6.

Lung histological examination
-----------------------------

The middle lobe of the right lung from each animal was immersed in 10% neutral phosphate-buffered formalin fixative for 24 h and embedded in paraffin. A series of 4-μm sections were cut and stained with hematoxylin and eosin. Images were captured with a Nikon SMZ 1500 Microscope (Nikon, Japan) to observe histological changes. Lung sections were analyzed using standard histological techniques. Moreover, ALI was scored by a blinded observer according to the following four items ([@B13]): alveolar congestion, hemorrhage, infiltration or aggregation of neutrophils in the airspace or vessel wall, and thickness of the alveolar wall.

Western blotting
----------------

PI3K and p-Akt in the lung tissue were detected by Western blot analysis. Protein was extracted from the inferior lobe of the right lung, and the protein content was determined by the BCA method. Cytosolic fractions were separated by SDS-PAGE, transferred, and immobilized on a nitrocellulose membrane (BioRad, USA). The membrane was blocked by incubation with 5% nonfat dried milk in PBS for 2 h at room temperature and then incubated with anti-PI3K (1:500, Cell Signaling, USA) or anti-p-Akt (1:500, Cell Signaling) overnight at 4°C. After they were washed 3 times in phosphate buffer saline with Tween-20 (PBST), the membranes were incubated with 1:2000 alkaline phosphatase-conjugated anti-rabbit antibody (v/v; Santa Cruz Biotechnology, USA) for 2 h at room temperature. The immune complexes were detected using a nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate assay kit (Sigma). Western blot densitometry analysis of signal intensity was performed using the Adobe Photoshop software (Adobe, USA). The levels of PI3K and p-Akt from densitometry were normalized to β-actin levels.

Statistical analysis
--------------------

The SPSS 13.0 software (SPSS Inc., USA) was used for all statistical analyses. Data are reported as means±SD, and n is the number of animals in each study group. Multiple parametric comparisons were performed by one-way analysis of variance, followed by the Tukey *post hoc* test when differences were significant. Comparisons among mortality rates of the groups were made with the Kaplan-Meier and Mantel-Cox methods. Values of P\<0.05 were considered to be statistically significant.

Results
=======

Effect of propofol pretreatment on mortality rate of LPS-treated rats
---------------------------------------------------------------------

Three hours after the LPS challenge, rats manifested lethargy, piloerection, diarrhea, huddling, and malaise, clear signs of endotoxic shock, as in previous studies ([@B14]). At 48 h after LPS injection, the mortality rates were 66.67%, 58.33%, and 33.33% for the LPS, propofol, and wortmannin treatment groups, respectively. The propofol pretreatment group had a significantly lower mortality rate than the other two groups (P\<0.05, n=12 animals per group); however, there was no significant difference between the LPS and wortmannin treatment groups ([Figure 1](#f01){ref-type="fig"}). This observation suggests that propofol at least partially decreases the mortality rate caused by LPS injection, which can be partially attenuated by wortmannin treatment.

![Survival curve of LPS-challenged rats combined with saline or propofol pretreatment. Data are reported as means±SD for n=12 animals per experimental group. LPS: lipopolysaccharide; Prop: propofol; Wort: wortmannin. \*P\<0.05 compared to the LPS group; ^\#^P\<0.05 compared to the Wort+Prop+LPS group (log-rank test).](1414-431X-bjmbr-47-12-01062-gf001){#f01}

Effect of propofol pretreatment on lung W/D ratio, and concentration of proteins, TNF-α, and IL-6 in BALF of LPS-treated rats
-----------------------------------------------------------------------------------------------------------------------------

One hour after the LPS challenge, the lung W/D ratio and concentration of proteins, TNF-α, and IL-6 in BALF were analyzed in order to detect the lung injury of LPS-treated rats. As shown in [Figure 2](#f02){ref-type="fig"}, lung W/D ratio and levels of proteins, TNF-α, and IL-6 in BALF was significantly higher in the LPS group than in the control group (P\<0.001, n=6 animals per group); however, there were no significant differences of W/D ratio, concentration of proteins, TNF-α, and IL-6 in BALF among the control, propofol, and wortmannin groups. Propofol pretreatment significantly decreased the W/D ratio and the concentration of proteins, TNF-α, and IL-6 in BALF caused by LPS injection, while treatment with wortmannin partially blunted the effect of propofol pretreatment (values of P from 0.05 to 0.01, n=6 animals per group).

![The lung wet to dry weight (W/D) ratio, and concentration of proteins, TNF-α and IL-6 in bronchoalveolar lavage fluid (BALF). Data are reported as means±SD for n=8 animals per group. Data are representative of triplicate experiments with similar results. TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; LPS: lipopolysaccharide; Prop: propofol; Wort: wortmannin. \*\*P\<0.01, \*\*\*P\<0.001 (Tukey multiple comparison test).](1414-431X-bjmbr-47-12-01062-gf002){#f02}

Effect of propofol pretreatment on lung injury of LPS-treated rats
------------------------------------------------------------------

As shown in [Figure 3](#f03){ref-type="fig"}, there were no obvious inflammatory changes to the lung tissues in the control, propofol, and wortmannin groups. Histopathology showed more alveolar edema, hemorrhage, wall thickening and hyperinflation, and infiltration of significant numbers of inflammatory cells into the alveolar spaces and interstitial spaces in the LPS group. These features of ALI were significantly attenuated in the propofol+LPS group, manifested as less alveolar septal thickening, less inflammatory cell infiltration, and less alveolar congestion. However, alveolar septal thickening, inflammatory cell infiltration, and alveolar congestion were exacerbated by wortmannin treatment.

![Histopathology of representative lung sections. Sections were stained with hematoxylin and eosin. *A*, Control group. *B*, Lipopolysaccharide (LPS) group: edematous changes of alveolar walls, swelling of alveolar epithelial cells, and massive polymorphonuclear infiltration were observed. *C*, Propofol+LPS group: less damage was observed compared to the LPS group. *D*, Wortmannin+propofol+LPS group: edematous changes of alveolar walls, swelling of alveolar epithelial cells, and massive polymorphonuclear infiltration were observed. *E*, Propofol group: no differences were observed compared to the control group. *F*, Wortmannin group: no differences were observed compared to the control group. Magnification bar: 50 μm (400×).](1414-431X-bjmbr-47-12-01062-gf003){#f03}

Effect of propofol pretreatment on protein expression of PI3K and p-Akt in lung tissues of LPS-treated rats
-----------------------------------------------------------------------------------------------------------

We also examined protein expression of PI3K and p-Akt in rat lung tissues by Western blot analysis of lung homogenates. PI3K and p-Akt protein expression was detected in all lung tissue samples from control and experimental rats, as shown in [Figure 4](#f04){ref-type="fig"}. Compared to the control group, PI3K and p-Akt protein expression levels were significantly decreased in the LPS and wortmannin groups; however, the levels of PI3K and p-Akt protein expression were elevated in the propofol group (P\<0.05 or P\<0.01, n=6 animals per group). Propofol pretreatment significantly reversed the effect of LPS injection on expression of PI3K and p-Akt protein in the propofol+LPS group, which was alleviated by wortmannin treatment in the wortmannin+propofol+LPS group (P\<0.05 or P\<0.01, n=6 animals per group). Our data suggested that propofol reversed the effect of the LPS injection-induced decrease in the levels of PI3K and p-Akt protein expression, while wortmannin treatment blunted this effect.

![Phosphoinositide-3-kinase (PI3K) and p-Akt protein in rat lung. *Top*, Representative Western blots are shown with the PI3/K, p-Akt and β-actin labeled band. *Bottom*, Densitometry of all Western blot results from rat lungs of the 6 groups. Data are reported as means±SD for n=6 animals per group. LPS: lipopolysaccharide; Prop: propofol; Wort: wortmannin. \*\*P\<0.01, \*\*\*P\<0.001 compared to the control group;^\#\#\#^P\<0.001 compared to the LPS group; ^§§^P\<0.01 compared to the Prop+LPS group (Tukey multiple comparison test).](1414-431X-bjmbr-47-12-01062-gf004){#f04}

Discussion
==========

ALI and its more severe form, ARDS, characterized by a cascade amplifying inflammation and a secondary diffuse lung parenchyma injury caused by a variety of inflammatory mediators and effector cells, are relatively common syndromes in critically ill patients, associated with high morbidity and mortality ([@B15]). A major cause of the development of ALI is sepsis, and LPS is implicated as an important toxin that precipitates lung injury. Propofol, a widely used intravenous anesthetic and sedative agent used to sedate intubated, mechanically ventilated ALI and ARDS patients, contributes to the rapid onset and short duration of action, and rapid elimination. A number of studies have found that propofol attenuates endotoxin-induced ALI in a murine model of sepsis ([@B16]-[@B18]) and inhibits LPS-induced nitric oxide production and biosynthesis of the inflammatory cytokines, TNF-α, interleukin (IL)-1β, and IL-6 in macrophages ([@B19]). The anti-inflammatory effects of propofol have attracted growing attention; however, the molecular mechanisms for these effects are still unclear.

It has been reported that the PI3K/Akt pathway exists extensively in cells and is involved in the regulation of a series of physiological activities such as cell apoptosis, proliferation and differentiation, and metabolism ([@B04]). Consistent with studies indicating that activation of the PI3K/Akt pathway significantly delays the occurrence of ALI and improves animal survival rate ([@B05],[@B06]), our research and that of others has identified that pharmacological inhibition of PTEN, a major suppressor of the PI3K/Akt pathway, can enhance wound closure and restore lung epithelial monolayer integrity following injury ([@B07]). We speculated that propofol pretreatment could protect against LPS-induced ALI via activation of the PI3K/Akt pathway. In the present study, we found that levels of p-Akt protein expression in lung tissue significantly decreased, with a large amount of protein leakage and the release of inflammatory cytokines, and an increase in water content in the lung in LPS-induced ALI. Propofol pretreatment could reverse the effect of a LPS challenge, suggesting that activation of the PI3K/Akt pathway may repair damage to alveolar epithelium and the capillary endothelial barrier, which was supported by our further research that wortmannin, a specific inhibitor of the PI3K/Akt pathway, could partially attenuate the protective effects of propofol pretreatment on LPS-induced ALI.

In summary, LPS-induced downregulation of the PI3K/Akt pathway exacerbated ALI. Propofol improved ALI and upregulation of the PI3K/Akt pathway. Therefore, activation of the PI3K/Akt pathway may be the molecular mechanism that allows propofol to protect against ALI in endotoxic shock.
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